Since the late 18 th century, Nepal's population has been steadily rising and markets for agricultural and forest products have greatly expanded. As land-use has intensified, primary forests have been converted to cropland and managed forests, or have experienced unsustainable resource extraction (Blaikie, 1988; Brown and Shrestha, 2000; Chaudhary, 2000) . Beginning in the 1950s, Nepal's government introduced numerous policies to address the decline in forest cover and increase revenues from the land (Metz, 1991; Chaudhary, 2000; HMGN/MFSC, 2000) . Because large contiguous protected areas are not feasible in the densely populated Middle Hills, the government has supported plantation establishment in Community and Leasehold Forests on deforested state-owned lands. Likewise, private landowners have adapted by establishing plantations and planting trees alongside their crops (Gilmour, 1995; Paudel and Thapa, 2001; Acharya, 2006) . State-sponsored replanting programmes and private landowners' efforts have offset the decline in forest cover in this region (Branney and Dev, 1994; Shrestha, 1998; Gautam et al., 2003) . However, scant attention has been paid to the accompanying changes in composition of forests and the potential loss of biological diversity (UNDP, 1998; Mikkola, 2002 Rising population and land use intensification in the Middle Hills (1,000-3,000 m elevation) of Nepal have resulted in widespread conversion of primary forests, and there is limited understanding of the degree to which conversion affects plant community composition. This study describes and compares vascular plant communities in four vegetation types in the eastern Middle Hills of Nepal: primary forests, deforested areas, large cardamom (Amomum subulatum) plantations, and conifer plantations. We sampled nested plots in 18 stands and we analyzed indicators such as species richness and diversity, unique species, stand composition, and structure. Primary forests and conifer plantations had significantly greater species richness than deforested areas and cardamom plantations (P≤0.001). Primary forests exhibited complex structure and contained ~229 species, 30% of which were unique to this vegetation type. Deforested areas contained sparse woody vegetation, many species suited to exposed habitats, and ~178 species. Cardamom plantations contained ~174 species and were characterized by an Alnus nepalensis overstory (82.4% of stems ≥3.2 cm dbh) and A. subulatum in the understory. Conifer plantations were stocked with Cryptomeria japonica, Pinus wallichiana, or Pinus roxburghii. Of ~217 species encountered, only 16% were unique to this vegetation type, although species diversity was comparatively high (Shannon-Wiener index: 3.34). Our findings indicate that vegetative composition was influenced by (a) the degree of disturbance and management and (b) aspect and elevation, and therefore plant community composition in primary forests is unlikely to be approximated in other vegetation types or in forests positioned differently on the landscape.
conifers are often preferred for governmentsponsored plantation programs (Schreier et al., 1994; Branney and Yadav, 1998; Jackson et al., 1998) . Sitaula (2000) and others have reported that pine plantations exhibit lower plant species richness and diversity than primary or mixed broad-leafed forests in the Central and MidWest Regions of Nepal. Similarly, Ibscher (1999) found lower plant diversity in 'disturbed' forests than in 'undisturbed' forests. In Central Nepal's Middle Hills, Acharya (1999) We hypothesized that primary forests would exhibit the greatest species richness and diversity, followed by conifer plantations, and that cardamom plantations and deforested areas would contain the lowest species richness and diversity.
Materials and methods

Study site
The study site lies between 27°00' and 27°05'N latitude and 87°55' and 88°00'E longitude in the northern part of Ilam District, Nepal (Fig. 1) . We sampled stands within a ~30 km 2 area in four Village Development Committee (VDC) areas: Sulubung, Mabu, Maimajhuwa, and Maipokhari. Sampling was carried out within 1,950-2,550 m elevation, corresponding closely with the limits of the Lower Temperate Zone (TISC/ NARMSAP, 2002) . Northern Ilam experiences a monsoon climate, with the majority of the ~2,500 mm annual precipitation occurring from June to October. Mean daily temperature ranges from 10° C in winter to 15° C in summer. Direct sunlight is limited due to the steep topography and frequent cloud-cover. Primary forests are found in isolated patches surrounded by a complex mosaic of agriculture, deforested land, plantations, and human settlements. They contain elements of three vegetation types described by Stainton (1972) : (a) Castanopsis tribuloides -Castanopsis hystrix forests, ~1,850-2,150 m elevation; (b) Quercus lamellosa forests, ~2,000-2,600m; and (c) Lithocarpus pachyphylla forests, ~2,450-2,900 m, found only in far Eastern Nepal. These vegetation types are characterized by species in Fagaceae and Lauraceae, and are noted for their diverse understory, including ferns, epiphytes, climbing plants, and orchids (Stainton, 1972; TISC/NARMSAP, 2002) . For the purposes of this study, primary forests are those with a naturally generated overstory dominated by tree species commonly associated with the above vegetation types. Sporadic human activity, such as livestock grazing or fuel-wood removal, was evident in all sampled primary forests.
In deforested areas, wood cutting, frequent livestock grazing, and other resource extraction have removed the overstory and prevented regeneration. It is likely that some deforested areas were previously used to grow crops, but then left fallow. There are shrubs and occasionally trees, but the majority of the vegetation is herbaceous.
Cardamom plantations are common in riparian corridors on private land up to ~2,050 m. This cash-crop (a spice) is lucrative and the land can be used simultaneously to grow fodder, timber, and fuel-wood (Sharma et al., 1998b) . Cardamom is usually planted underneath an Alnus nepalensis (Nepalese Alder) canopy with a number of fodder tree species, such as Ficus auriculata, Leucoseptrum canum, and Saurauia napaulensis, in the understory (Sharma et al., 1998a; Narmsaling Community Development Center, 2002) Conifer plantations are community forests that were once deforested but have since been planted with one or more of Cryptomeria japonica, Pinus wallichiana, and Pinus roxburghii. The conifer stands sampled in this study were immature (10-30 years) because community forest plantation efforts had only recently become widespread.
At the study site, south-and east-facing slopes have the greatest density of human settlements, and hence the majority of the cardamom plantations and deforested areas we sampled were south-and east-facing. North-and west-facing mountainsides have become the state-owned community-managed forests containing the primary forests and conifer plantations available for study. Because population is denser and agriculture more intensive at lower elevation, and because cardamom cannot be grown profitably above ~2,050 m, primary forests are generally limited to higher elevation areas. Among the stands sampled, the lowest elevation vegetation type was cardamom, averaging 1,960 m, and the highest was primary forest, averaging 2,250 m.
Methodology
Data were collected from August 1 -October 6, 2002. We sampled 18 stands selected randomly from a list of potential sites: four primary forests, four conifer plantations, five deforested areas, and five cardamom plantations. Political instability at the time of the study precluded visiting a fifth primary forest stand and a fifth conifer plantation.
Sampling followed the United States Forest Service's Forest Inventory and Analysis Phase 3 Vegetation Indicator methodology (USDA Forest Service, 2005) which utilizes nested plots to provide a multi-scale assessment of species richness and abundance (Fig. 2) . In each stand, data were collected in three 170 m 2 circular plots. An effort was made to space the plots regularly within each stand. Where there was significant relief (>100 m), the plots were stratified by elevation. From the center of each plot, three stakes were placed at 7.32 m horizontal distance along the 30°, 150°, and 270° azimuths to establish the plot boundaries. Next, three 1 m 2 square quadrats were demarcated 4.57 m from the center stake along these azimuths. Within the 1 m 2 quadrats we estimated total vascular plant cover and cover for each vascular plant species to the nearest 1% for all living plants <1 m tall. Plants occupying <1% of a quadrat were recorded as 0.5% cover. Percent subcanopy closure by cardamom was recorded between one and two meters above ground to the nearest 5% in quadrats of three cardamom plantation stands.
Fig. 2: Sampling design for the United States Forest Service's Inventory and Analysis Phase 3 Vegetation Indicator methodology
From the 170 m 2 plots, a record was made of all vascular plant species not already encountered in the quadrats. Elevation, aspect, slope, crowncover to the nearest 5%, and evidence of fodder cutting, trampling, and grazing were also recorded. Diameter at breast height (dbh) was measured for all woody stems ≥3.2 cm dbh. Stems ≥3.2 cm and <10 cm dbh were categorized as 'small woody stems,' while those ≥10 cm dbh were categorized as 'trees.' Quadratic mean diameter at breast height was calculated for trees.
Shannon-Wiener diversity indices (H′ ) (Gurevitch et al., 2002) were calculated for each stand using plant species cover estimates in 1 m 2 quadrats:
where s is the number of species in the sample and p i is the mean percent cover of each species in all nine quadrats in a stand. H¢ values reported herein are the mean of all stands in a vegetation type.
Species overlap among vegetation types was compared using Jaccard's Coefficients (S) (Jaccard, 1901) :
where a is the number of species two vegetation types have in common and b and c are the number of species that are unique to each. 
Results and discussion
Findings
Of the ~391 vascular plant species recorded (Table 1) , 248 were identified to species, 294 to genus, and 324 to family. Our analyses include all species recorded, and thus numbers of species cited are often approximate (denoted by "~"). In total, 217 genera, 90 families, ~256 dicots, ~78 monocots, ~53 pteridophytes, and 4 conifers were enumerated.
Primary forests
C. hystrix and Symplocos ramosissima accounted for more than 82% of the stems of overstory tree species in primary forests ( Table 2 ). The two stands in which C. hystrix was present were at ~2,100 m elevation, whereas the remaining two stands were at ~2,400 m and ~2,500 m elevation and contained tree species such as Alangium alpinum, L. pachyphylla, Quercus glauca, and Q. lamellosa. Other overstory species encountered sporadically were Ilex sikkimensis, Lyonia ovalifolia, Magnolia campbellii, Rhus wallichii, and Tsuga dumosa. There were ~40 woody understory species in primary forests, more than in any other vegetation type (Magraw, 2004) .
In total, ~229 species were encountered in primary forests (Table 1) . Richness of climbing and epiphytic plant species was significantly greater in primary forests than in the other vegetation types (Table 1) .
Deforested areas
Deforested areas had a nearly continuous carpet of herbaceous foliage usually less than 20 cm high. Notable in this vegetation type are herbaceous graminoids and plants with a spreading growth (Table 3) . Small woody stems were present in two stands, consisting only of Berberis spp., which are large shrubs, and Symplocos dryophila and Viburnum erubescens, understory trees.
Cardamom plantations
Cardamom plantations had four distinct layers: (a) overstory trees, (b) understory trees, (c) the A. subulatum subcanopy, and (d) herbaceous groundcover. A. nepalensis was by far the most abundant overstory tree species, accounting for 82.4% of stems ≥3.2 cm dbh, while G. acuminatum and S. ramosissima together contributed an additional 13.5% (Table 2 ). The understory (Magraw, 2004) . Below the understory trees, cardamom formed a tight subcanopy between one and two meters high, averaging more than 70% canopy closure.
Conifer plantations
C. japonica occupied the vast majority of the conifer plantation canopy in two stands, and shared the overstory with P. wallichiana in a third. In the remaining stand all but one tree were P. roxburghii. These three species accounted for almost 95% of overstory tree species stems, with C. hystrix contributing the majority of the remainder (Table 2) . Several broad-leafed overstory tree species were present in the conifer understory, including A. alpinum, A. nepalensis, L. ovalifolia, and S. ramosissima. There were ~31 woody understory species found in conifer plantations (Magraw, 2004) .
Comparisons among vegetation types
Species richness in primary forests and conifer plantations was almost 50% greater than that in deforested areas and cardamom plantations in 170 m 2 plots (P≤0.001) (Fig. 3) . In 1 m 2 quadrats, however, the only vegetation type found to be significantly distinct (P≤0.001) was cardamom, which contained 40-46% fewer species than the other vegetation types (Fig.3) . Cover of vegetation <1 m above the forest floor was greater in primary forests and deforested areas than in conifer and cardamom plantations (P<0.05) ( Table 1) . (Table 1) . Conifer plantations had a higher species overlap with all other vegetation types than any of the remaining vegetation types had with one another (Table 4 ). The lowest overlap (0.30) was between primary forests and deforested areas. Primary forests had the highest proportion of unique species (30%) and conifer plantations had the lowest (16%) ( Table 1 ). The density and size distribution of woody stems varied widely between vegetation types. Primary forests had greater variability in dbh and greater basal area than conifer and cardamom plantations (Table 3 ). There were fewer trees/ha in primary forests, but the density of small woody stems was roughly twice that of the plantations, and the largest trees in primary forests had approximately three times greater dbh than those in cardamom and conifer plantations. Regarding canopy composition, there were nine species with stems larger than 20 cm dbh in primary forests, and four species each in conifer and cardamom plantations (three of the four were planted in both plantation types).
Discussion
There were substantial differences in plant community composition among vegetation types, likely resulting from differences in the degree of management and disturbance as well as from patterns in the distribution of vegetation types on the landscape. The results support our predictions that primary forests and conifer plantations have greater plant species richness and diversity than deforested areas and cardamom plantations. The expectation that conifer plantations would be less diverse and species-rich than primary forests was supported by some measures and not by others. Lower replication in primary forests and conifer plantations is likely to result in underestimation of species richness and diversity, particularly among locally rare species, relative to cardamom plantations and deforested areas. Some taxonomic groups, such as Orchidaceae and Araceae, were not well sampled in this study because many species were not present above ground during the two months of data collection. Epiphytic species were likely undercounted because they were difficult to detect and identify in the canopy.
Other taxa were undercounted because, although recorded, they were not positively identified.
Aspect and elevation
In Eastern Nepal, north-and west-facing slopes contain distinct, and typically more diverse, plant communities than south-and east-facing slopes (Stainton, 1972) . The elevation range of the stands sampled, 1,950 to 2,550 m, corresponds closely with the limits of the Lower Temperate Zone (TISC/NARMSAP, 2002). Nevertheless, canopy composition in primary forests showed differences along this elevation gradient among the stands sampled. Thus, aspect and elevation likely contributed to the observed differences in plant communities. These confounding environmental factors limit the extent to which differences in plant community composition observed in this study can be correlated with vegetation type. They also suggest avenues for further study to understand the effects of human activities on the distribution of natural communities across the landscape.
Primary forests
In Eastern Nepal's Lower Temperate Zone, and throughout the Middle Hills, primary forests have been increasingly restricted to higher elevations as the natural forests below 2,500 m have diminished. Grazing, fodder cutting, or fuel-wood removal had visibly affected all primary forest plots sampled, and timber felling was evident in several. Among overstory species, L. pachyphylla persisted only as regeneration and Q. lamellosa was found only in the canopy. Michelia doltsopa, a popular and lucrative timber species, had been recorded in the Lower Temperate Zone in the past (Stainton, 1972; TISC/NARMSAP, 2002) , but was entirely absent from primary forest plots.
Relatively infrequent utilization by humans and the sheltered, mesic microclimate on north-facing slopes are likely responsible for the complex and diverse plant communities in primary forests.
Some characteristics of primary forests that illustrate this complexity are high understory and canopy species richness, high variability in size of woody stems, and abundance of unique species and specialized-niche functional groups. Conditions in conifer and cardamom plantations are less favorable for these functional groups as dead trees and climbing plants are removed, and cardamom plantations are logged periodically (the conifer plantations were not sufficiently mature for logging).
Comparatively low species overlap among primary forests, deforested areas, and cardamom plantations likely results in large part from modification of forest structure and composition by humans in the latter two vegetation types.
Comparatively high species overlap between primary forests and conifer plantations can be explained in part by their shared characteristics: a lack of ongoing intensive management (as compared to cardamom plantations), similarity in structure (as compared to deforested areas), and their position on the landscape (predominantly on north-and west-facing slopes).
Deforested areas
Without an overstory, there are opportunities in deforested areas for species unable to tolerate shade. Deforested areas contained ~47 species not found in any other vegetation type, many of which were herbaceous graminoids and plants with a spreading growth form. Woody vegetation in deforested stands was minimized by removal of fuel-wood and regular grazing. However, some woody species that were fast-growing or exhibited anti-herbivory adaptations (e.g., the spines of Berberis spp., thorns of Rubus ellipticus, and poisonous foliage of L. ovalifolia) were encountered regularly. These species persisted as islands of woody vegetation and appeared to provide refuge for plant species intolerant of exposure and herbivory. Such islands might serve as important sources of diversity should forests become reestablished.
Previous research has found that the greatest causal factors for deforestation in this region are conversion to agriculture, livestock grazing, and removal of timber and fuel-wood (Mahat et al., 1987; Blaikie, 1988; Chaudhary, 2000) . None of the deforested sites were under cultivation at the time of sampling, though it is likely that some had been previously cultivated. All sites were grazed, and many containing woody vegetation were being utilized as a source for fuel-wood. In contrast with deforested areas, both primary forests and cardamom plantations are well established with a damp, well-shaded understory. Thus, the low species overlap between deforested areas and these vegetation types is to be expected. The conifer stands had been planted on deforested land 10-30 years previously, a possible explanation for the comparatively high species overlap between these two vegetation types.
Cardamom plantations
Intensive management appears to be the greatest factor affecting species richness and diversity in cardamom plantations. Woody vegetation is controlled by farmers who prefer species that fix nitrogen and produce high quality timber and fodder. Cardamom occupies a substantial proportion of the ground-surface and forms a second canopy between one and two meters above ground. The groundcover is thinned several times yearly to reduce interspecific competition and physical interference with cardamom flowers and fruit. Sharma et al. (1998b) have described cardamom plantations as a successful combination of income generation and biodiversity conservation. This is reasonable when considering alternatives such as terraced cultivation and monoculture plantations. But, of the vegetation types we examined, cardamom plantations are among the least diverse and species rich, and so are not a viable conservation alternative to primary forests.
Conifer plantations
Conifer forests do not undergo intensive manipulation of the understory, as in cardamom plantations, or frequent, unregulated resource extraction, as in deforested areas. This, in combination with difference in aspect and elevation, may account for the significantly greater species richness in conifer plantations as compared to deforested areas and cardamom plantations.
The expectation that conifer plantations would exhibit lower species richness and diversity than primary forests was not met. This prediction was based on the assumptions that (a) overstory and understory tree species richness in conifer plantations would be lower than that in primary forests, and (b) conifer leaf litterfall would alter the soil chemistry, inhibiting growth of understory plants (Samra and Raizada, 2002) . The reduction in diversity of conifer plantations previously documented by Sitaula (2000) and others may not have occurred here because the plantations were found predominantly on north-facing slopes and were only 10-30 years old.
Conifer plantations are established upon deforested lands, so as they mature they transition from a community dominated by species tolerant to exposure and grazing to one with an understory more typical of forests. As their high overlap with other vegetation types suggests, the conifer plantation understory contains a combination of species typical of other management types. The presence of many overstory and understory tree species in the conifer understory suggests the possibility of a mixed forest in the future. However, this is unlikely in these plantations due to the high density of even-aged conifers, occasional removal of undesirable species and undergrowth by Community Forest Users Groups, and alteration of soil chemistry by conifer leaf litter.
Several aspects of the undergrowth in conifer plantations differ remarkably from primary forests. Even though species diversity and overall species richness were not significantly different, mean vegetation cover and richness of epiphytic and climbing species were lower in conifer plantations than in primary forests. Moreover, the proportion of unique species in conifer plantations was the lowest of any vegetation type, whereas primary forests had the highest proportion of unique species. So, even though species richness and diversity in conifer plantations were comparable to that in primary forests, the species that occurred in conifer plantations were more likely to be found in other vegetation types as well.
This study combined plantations consisting of two Pinus species and C. japonica into one vegetation type. Differences in the density of the canopy and leaf litter between C. japonica and the Pinus species will likely result in distinct plant communities under a mature canopy.
Conclusion
Our findings suggest that plant communities in eastern Nepal's Lower Temperate Zone are strongly influenced by the type and degree of management and by their location on the landscape. Consequently, although estimates of total forest cover are useful in assessing the overall condition of the landscape and the resources available to rural communities, they should not be considered a gauge of the continued presence of species-rich plant communities approximating those in primary forests.
No single vegetation type contained more than 60% of the species encountered in this study.
The most species-rich landscape, therefore, most likely consists of a patchwork of vegetation and land-use types. There are currently few direct incentives for rural Nepalese to maintain natural vegetation types as part of the landscape mosaic. Instead, as population has increased, primary forests near human settlements have diminished, being replaced by land-use types that serve the local people's needs.
Future research should consider the likelihood of natural forest regeneration from deforested areas, loss of habitat on south-and east-facing hillsides, and viability of forest plant communities in an increasingly patchy landscape.
